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Abstract 

Vehicular Ad Hoc Network applications plays an important role in improving the quality and efficiency of 
transportation system. To improve transportation safety vehicles exchange safety messages among them which helps 
to reduce accidents and chain collision. In the existing system safety messages are broadcasted using flooding 
technique  which leads to congestion when the traffic density increases and consequently packet loss occurs In this 
paper we are going to study about  an analytical model that helps to exchange Safety message with high 
performance by  selecting reliable forwarder using Power-Aware Link Quality Estimation technique and compare it 
with the existing system .By reducing the congestion, reliability increases and delay decreases, consequently the 
performance of emergency message diffusion increases.  The model also studies the ways to enable connectivity in 
dense, sparse and isolated traffic condition. 
  
Keywords: Vehicular Ad-hoc Networks (VANET),Medium Access Control(MAC), PoLiQ ,Dedicated Short Range 
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I. Introduction 
VANET is a type of mobile ad-hoc network in 

which the   vehicles  communicate with each other to  
form Intelligent Transportation System.   This   type of 
wireless communication allows both vehicle -to-vehicle 
communication (IVC) and vehicle -to-infrastructure 
(V2I) communication , for exchanging safety and status 
messages between the vehicles to reduce the number of 
accidents and chain collision. 
 Vehicles are equipped with sensors and GPS system 
which collects information about their position, speed 
and direction to be broadcasted to all vehicles with in 
their range. The main objective is to improve safety on 
road and save people from accidents in harsh vehicular 
environment by exchanging safety related messages 
among the vehicles. Vehicles basically  exchange two 
types of messages, i.e., warning and status messages. The 
status message gives state information such as speed, 
acceleration and position of each vehicle. 

The status messages are sent periodically to all 
the vehicles and it can also be called as beacon messages. 
The warning message gives pre-crash notification 
message, post-crash notification , environment and road 
hazards .The paper mainly focus on emergency message 
dissemination between the vehicles.VANET uses 
Dedicated Short Communication Spectrum  (DSRC) at 
5.9 GHz for vehicle and  vehicle to infrastructure 

communication. DSRC[5] supports seven channels with 
the range of 1000m and data rate up to 27Mbps.DSRC 
contains seven 10MHz channel and 5MHz guard band. 
Out of seven channels one is control channel for safety 
applications and remaining six are service channels for 
non-safety and commercial applications. 

Either radio interface or On-Board unit is used 
to enable short-range wireless networks to be formed. 
Vehicles switch between control channel and service 
channel so that safety related messages will not be 
missed. In this paper MAC protocol is used that supports 
high mobility and distributed channel access. Two types 
of MAC protocols are : IEEE 802.11 and ADHOC-MAC 
.Since IEEE 802.11 does not need time synchronization 
and its support towards network allocation vector that 
senses virtual carrier to solve hidden terminal problem 
,we highly recommend it in VANET.But IEEE 802.11 
broadcasting mode do not use Request-to-send/Clear-to-
send(RTS/CTS) handshaking process which reduces the 
reliability considerably. Hence, we  can also use IEEE 
802.11p[2] WAVE which is group of standards related to 
DSRC based operations that enables efficient 
communication by reducing the connection set up 
overhead. Road side Unit is an access point that is laid on 
road side to provide long range connectivity.         
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The analytical model is proposed to increase the 
performance of emergency message delivery by 
estimating the link quality and selecting the reliable 
forwarder to deliver the warning message.  

In this paper, Section II describes the Power-
Aware Link Quality estimation and its advantages. 
Section III describes ways to enable connectivity under 
dense, sparse and isolated condition. Finally we compare 
PoLiQ with flooding technique and conclude the paper.           
 

II. Power-Aware Link Quality Estimation 
Power-Aware Link Quality Estimation 

technique [14] helps to select reliable forwarder by 
estimating the link quality at the receiver side.  The 
quality of the link can be identified at the receiver with 
the help of beacons transmitted by neighbour. Each 
vehicle transmit at different power level ,the power with 
which the transmitter should send is identified by the  
methods such as D-FPAV[12] which reduces the 
congestion. The transmission power is directly 
proportional to the distance between the vehicles. If the 
distance between the vehicles is less, then the message 
can be transmitted with less  transmit power since it is 
not much affected by fading. The message should be sent 
with the maximum transmit  power if the distance 
between the vehicles increases since the strength of the 
signal decreases as the distance increases. At this 
situation if the traffic becomes denser, then the 
congestion control mechanism reduces the transmit 
power which results in packet loss.Hence the  system that 
relies on the parameters such as transmission power and 
the distance results in performance degradation .Thus the 
selection of reliable forwarder is necessary for the 
reliable broadcast of warning message.   The reliable 
forwarder is selected by estimating the link quality with 
the help of probability of  number of beacon messages 
sent to the number of beacon messages received within a 
given time . The link quality is the function of rate of 
beacon messages received, transmit power of sender and 
the neighbouring vehicles, visibility condition and 
channel busy time. The vehicle with the high link quality 
is selected as reliable forwarder among the set of 
neighbouring vehicles which increases the reliability by 
reducing the packet loss. In the existing system  flooding 
technique has been  used that results in congestion when 
the traffic increases. Thus the performance increases 
significantly with the help of PoLiQ by increasing the 
end to end packet delivery ratio. 
 

III. Connectivity Under Dense, Sparse and 
Isolated Condition 

 

In Vehicular ad-hoc network the vehicles may encounter 
three types of connections during the communication 
among the vehicles: 

•  Densely connected network: As the vehicle 
density is high in densely connected 
network,the distance between the vehicles are 
small and the connectivity among  the 
vehicles remains stronger so the inter-vehicle 
communication occurs efficiently with the 
help of DSRC Fig.1. 

• Sparsely connected network: As the vehicle 
density is low,the distance between the 
vehicles is high,so the connectivity among 
the vehicles is week or sometimes 
disconnection occurs resulting in packet 
loss.The vehicles makes use of Road Side 
Unit (RSU)[10] in sparse traffic to deliver 
emergency message among the vehicles as 
depicted in Fig.2.Use of RSU in emergency 
situation increases the reliability as well as 
decreases message propagation delay,since 
the direct communication between the RSUs 
does not involve congestion and multi hop 
propagation. 
In sparsely connected nework,if there is no 
possibility of inter-vehicle communication ie 
there is no following vehicle with in its 
transmission range then the vehicle transmits  
emergency message to the nearby RSU which 
then sends the message directly to other RSU 
that further broadcasts  to the vehicles with in 
its transmission range. Thus the vehicle-to-
Infrastructure communication is more suitable 
for the sparsely connected network to 
broadcast safety message with less delay. 

• Isolated network: If the vehicle in emergency is 
isolated in rural area such as forest, hilly area 
which does not have the facility of inter-
vehicle communication and vehicle -to- 
infrastructure communication, then it takes 
the help of satellite[11] to broadcast its safety 
message.The isolated vehicle sends safety 
message to the satellite under visibility which 
in turn forwards the emergency message to 
cluster of vehicles that sends 
acknowledgement after successful reception 
as shown in the Fig.3.              
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Figure 1.  Short-range connectivity using DSRC 

 
Figure 2.  Long-range connectivity using RSU 

 

 
 

Figure 3.  Connectivity of Isolated vehicle using satellite 
 
 
 

• The acknowledgement is then forwarded by 
satellite to the isolated vehicle.  Thus the 
satellite communication is the optimal 
technique for vehicles in the urban or 
isolated situation to broadcast its safety 
message. 

 
IV. Comparison and Discussion  

The studied Power-Aware Link Quality 
Estimation technique is simulated using NS2 in [14].  
The result shows that the existing system that selects 
unreliable forwarder results in performance degradation 
compared to the proposed system that uses PoLiQ . 

Table I shows  the brief comparison between 
flooding technique used in the existing system and 
PoLiQ technique.The  performance of PoLiQ is not 
affected by increase in density of the vehicle 

                       
 

TABLE I 
Qualitative Comparison of Flooding Vs PoLiQ 

 
Factors Flooding PoLiQ 
Based On  Multiple path 

routing 
Link quality 

End to End PDR Medium High 
Bandwidth 
Consumption 

High Low 

Implementation Easy Hard 
Duplication Yes No 
Congestion High Low 
Scalability Low High 

whereas in the flooding technique,  as the size of  the 
network    increases   the   performance  degrades 
significantly.In  case of flooding each  vehicle receives  
same  packet  multiple  times  through   different  path. 
Thus  the  bandwidth  consumption  also is high which 
decreases the reliability     as   the  density  of      the  
vehicle  increases.  

The probability of connectivity under 
dense,sparse and isolated condition is studied.In the 
dense traffic the vehicles communicate using DSRC,so 
the congestion due to high density of vehicles increases 
the delay.The results in [10] shows that probability of 
connectivity is high in case of sparse traffic when RSU is 
used for delivering emergency message between the 
vehicles and probability of end to end message delivery 
is high .In isolated condition the use of satellite to 
broadcast the emergency message increases the 
performance of VANET significantly. 
 

V. Conclusion And Future Work 
  Vehicular ad-hoc network is the emerging 
vehicle technology for Intelligent Transportation system 
that reduces number of accidents by exchanging safety 
message between the vehicles.As the reliability of safety 
message increases the performance  increases 
dramatically.In this paper,we studied PoLiQ that helps to 
select reliable forwarder by estimating the quality of the 
link.We also studied ways to enable connectivity among 
the vehicles under dense,sparse and isolated condition .  
Future work may include ways to improve QOS in 
delivering safety message among the vehicles.  
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